The conductivity relaxation phenomenon in glassy and crystalline ionic conductors has been known for many years to be a highly nonexponential process. The stretched exponential function exp-(t/τ)β has been used with varying levels of success to describe this relaxation. Whether the nonexponentiality is due to parallel conducting processes acting independently of each other and having a distribution of relaxation times or to serial processes strongly coupling the ionically conducting species and constraining each other's relaxation, the exact nature of this process is still unknown. If coupling is the active mechanism responsible for the nonexponentiality, then there should be a relationship between the extent of the nonexponentiality and the average ion separation distance; the greater the ion-ion separation, the smaller the coupling between the ions. To test this hypothesis, wide composition, frequency, and temperature range conductivity measurements have been performed on the fast-ion-conducting glass series, Na2S+B2S3. For x(Na2S)=0.001, the relaxation is nearly exponential. As the Na2S concentration increases, the estimated ion-ion separation distance decreases; so do both the dc conductivity activation energy and the β parameter in the stretched exponential. The β parameter, however, shows a much stronger dependence to the ion-ion separation distance. It is also found that for nearly all of the glasses studied to date, the composition dependencies of the β parameter can be cast onto a master plot of β versus average ion-ion separation distance. In this way, we provide a universal trend for the compositional dependence of the nonexponentiality in glass.
I. INTRODUCTION The impedance spectrum of glassy ionic conductors is completely characterized once the dc conductivity preexponent (a o), dc activation energy (E",), the highfrequency dielectric constant (e"), and the fractional (Kohlrausch) exponent P used to describe the nature of the frequency dispersion of the conductivity, are known.
The conductivity dispersion was related to the nonexponential conductivity relaxation in the time domain by Macedo, Moynihan, and Bose. ' Mundy and Jin, ' ' and Ngai and co-workers ' " have reported for various glasses the compositional contributions to the nonexponential conductivity relaxation. P values for all these glass systems are far less than one and are weakly compositional dependent. However, Ngai et al. report from their work on alkali-metal germanates and alumino-germanates and Simmons et al. ' report from their work on alkali-metal silicates, that exponential relaxation (P= 1) may be achieved by reducing the cation concentration to below 1%. Ngai in his coupling model uses the anticorrelation parameter, n = -1 -fi, to show the extent to which cations interact (couple) during conducting and, therefore, the extent of nonexponentiality.
He explains the approach to single relaxation (P= 1) may be associated with a decrease in cation-cation interactions characterized essentially by independent cation jumps relaxing in analogy to Debye dipoles. Martin' tested the above hypothesis by calculating the average cation-cation separation distances (a) from the density and composition for various sodium-modified oxide glasses and plotting a against the NazO mole fraction, see Fig. 1(a) . This figure shows that a exhibits its greatest composition dependence for x &0.2 and thereafter a decreases slowly with composition. Furthermore, Martin created a master plot of P against the cation-cation separation distance for a whole series of glasses and this is reproduced in Fig. 1(b) . The data show that for cr less than 10 A, all glasses exhibit P values =0.5, while for large a (extremely alkali-metal dilute glass), P increases to unity implying a drastic decrease in cation-cation cou- Figure 2 shows the Arrhenius plot of the dc conductivity. As seen in all other studies of FIC glasses, the dc ionic conductivity increases with an increase in temperature and an increase in sodium content.
The dc activation energy are plotted versus the log of ductivity for low frequencies and high temperature followed by an increase in conductivity for higher frequencies and 1ower temperatures. The switch from the frequency independent to the dependent region signals the onset of the conductivity relaxation phenomena. In order to relate the conductivity to the relaxation of the mobile ions, one can rely on the phenomenological nature of the electric modulus, " or on the generalized Nerst-Einstein formalism.
The electrical modulus approach to analyze the relaxation phenomena is preferred as it is easier to rex(Na~S) Figure 5 shows that as alkali-metal is added to the glass, the frequency depen- Figure 6 shows a series of isothermal frequency spectra of (a) M', (b) M" and (c) Fig. 4(b) for the conductivity. The temperature dependence of the peak relaxation frequency for the glass with x =0.005 is shown in Fig. 7 . The dc activation energy and the M" peak frequency activation energy (from Fig. 7 ) agree quite well. As described in a previous paper, ' the temperature independence of the loss peaks contradicts the Peal Freq.
idea of a distribution of activation energies that has been suggested to explain the conductivity dispersion. Plots similar to those shown in Fig. 6 Fig. 8 where Fig. 8(a) shows the real and Fig.  8(b) shows the imaginary part of the modulus. Here as with Fig. 4(b) , the temperature for each glass was chosen such that the relaxation frequency is about the same, -1 kHz. The dramatic narrowing with decreasing x is quite evident and suggests the strong role that composition has upon the conductivity relaxation in the low-alkali-metal region. Table I and plotted in Fig. 9 Fig. 1(b) . The Na-Na separation distances were calculated using the assumption that the cations were uniformly distributed throughout the glass, from the composition and the density data of Martin and Polewik.
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The results in Fig. 11 show that P increases almost linearly from 0.5 to 1 as the Na-Na separation distance increases from -5 to -40 A and strongly suggests that the conductivity relaxation is inherently tied to this parameter. Two data points on this graph, the ones at P, Freq. / Peal. Freq. Fig. 11 and combined with those of Fig. 1(b) , do show a universal behavior for all glasses examined to date. Others, especially Ngai and Martin" have correlated p with a "primitive" activation energy pb, E", . Although this correlation does work well for many glasses, our correlation here fits /3 to a structurally recognizable variable and perhaps for this reason has more significance.
Angell recently correlated P to the extent of decoupling between the fast-ion diffusional motion of the mobile ion populations and the viscous liquid motions of the host glass network. Here the hypothesis is that as the ions become more and more decoupled, i.e. , more mobile at constant scaled temperature (by the viscosity), they become more likely to correlate (couple to) each others motions. Ions that are highly coupled to the network of the glass are, likewise, much less likely to couple to each others motion. Using the conductivity data from Fig. 2 to calculate the decoupling index R = -"/z for each glass and taking~"-100 s at T and~=so/M"o. , Fig.   12 shows that the data for the Na2S+B2S3 glasses are stark exceptions to the master plot. In fact the data appear to be well correlated along a straight line but this line has a completely different slope and intercept than Angell's 
C. Activation energy
The dependence of the activation energy on the Na-Na ion separation distance (a) is shown in Fig. 13 
